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Fig. 1 . Nematocyst of Phyllodiscus semoni (Unbachiisoginchaku) 
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Fig. 2-1 . l ¥ ~7 :t4 y 4: :1~ ~ i7 Stichodactyla gigantea 




























































































































































































co CN ~ CD 
o o c c!: 
~)L 








Fig. 2-2. Gel filtration on Sephadex G-50 of the crude 
extract from Stichodactyla gigantea . 
The crude extract was applied to a Sephadex G-50 
column (2.5xgOcm) , which was eluted with 0.15M 
NaCl in 0.01M phosphate buffer (pH 7.0) . Fractions 
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Fig. 2-3. Isolation of Stichodactyla gigantea toxins by 
reverse-phase HPLC. 
The toxic fraction obtained by gel filtration on 
Sephadex G-50 (Fig. 2-2) was subjected to HPLC 
on a TSKgel ODS-120T column (0.46 X 25cm). 
The column was eluted with a gradient of 
acetonitrile in 0.1 o/o TFA. The flow rate was 
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Table 2-2. Amino acid analysis of 
gigantoxin I with Carboxypeptidase W 
d gested PE-
Amino acid Quantit ra io t 
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Fig. 2-7. Reverse-phase HPLC of the peptides produced by 
digestion of PE-gigantoxin ll with Chymotrypsin. 
Column, TSKgel ODS-120T (0.46 X 25cm); elution, 
gradient of acetonitrile in O. I o/o TFA; flow rate, I ml/min. 
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Fig. 2-1 o. Reverse-phase HPLC of the peptides produced by 
digestion of PE-gigantoxin lll with V8 protease. 
Column, TSKgel ODS-120T (0.46 X 25cm); elution, 
gradient of acetonitrile in 0.1 o/o TFA; flow rate, I ml/min. 


































































































































*.~~ ~*'~ '><_i" ';~'~ ' '~ = ;Iii:e'~'l?:='- ' '(~~'~'t~')::~F~:: 
' i~ ' 'i'{"~<:;!';:::i ~' ~ ":: =~i' 'I1-;' , -:', 'i ,:' ' ~~hj~j.: ~"~ e-' 
r5~~'?;i~t~;~~;f::i~~!iii: '.; il'~{~,:i:s::~:t~T,1; 
:~.~~:~i~;;j~~~~1{~i:{i:~{:,i{$~rf 
i--' 
ii:~~;:;~::~ii::~'~~' l~:,';j'~;.:A~:.~~~~rt:~vi:~~~l'. 4~~:;_:~~'er~~~~_.SS:'~ : iii;:{.'=., 
5~ , ~~"~'t' : F'Vd~~a!~'~1'~ ~'~~-'{;::r~l"-"':~r'~t "~~'~~~:~::'eLI~~~~tT ~~S-~~i~~~';~;,~:';~d~:~L:~' ' ~ ~'f' ' 
" 1';~:f:~:"'- " 
'= ' 
;;" _'=~~'i~'~'~5~i' ' " ' ' ' ' i{ 
,* = +* * * ' ~ ~; '~J" *' 1le < '- ' ' ' ' ~i' ~ 
(B) 
iL~~~~:*~ 
Fig. 2-13. Morphological change ofA431 cells by gigantoxin I. 
The cells were incubated at 37~C for 30min in PBS without (A) or with gigantoxin l 
(1 uM) (B). 
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Fig. 2-14. Tyrosine phosphorylation of the 
human EGF and gigantoxin I. 
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Fig. 2-16. Isolation of gigantoxins from nematocysts (upper) and 
tentacles (Iower) by reverse-phase HPLC. The toxic fraction 
obtained by gel filtration was subjected to reverse-phase HPLC on 
a TSKgel ODS-120T column (0.46 x 25 cm). The column was 
eluted with a linear gradient of acetonitrile in 0.10/0 trifluoroacetic 
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Fig. 3-2. Gel filtration on Sephadex G-50 of the crude 
extract from Stichodactyla haddoni . 
The crude extract was applied to a Sephadex G-50 
column (2.5xgOcm) , which was eluted with O.15M 
NaCl in 0.01M phosphate buffer (pH 7.0) . Fractions 
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Fig. 3-3. Isolation of Stichodactyla haddoni toxins by 
reverse-phase HPLC. 
The toxic fraction obtained by gel filtration on 
Sephadex G-50 (Fig. 3-2) was subjected to HPLC 
on a TSKgel ODS-120T column (0.46 X 25cm). 
The column was eluted with a gradient of 
acetonitrile in 0.1'/~ TFA. The flow rate was 
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Fig. 3-6. Reverse-phase HPLC of the peptides produced by 
digestion of SHTX I with Trypsin. 
Column, TSKgel ODS-120T (0.46 X 25cm); elution, 
gradient of acetonitrile in 0.1 o/o TFA; flow rate, I ml/min. 
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Fig. 3-1 1. Inhlbltlon of the bmdlng of 1251 oe dendrotoxm to 
rat synaptosomal membranes by SHTX 11 and lll. 











































































































































Fig. 4-1 . ~; :L Xif 7 4 y ~::I~ ~ i7 HeteraCtiS aurora 
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Fig. 4-2 . Gel filtration on Sephadex G-50 of the crude 
extract from Heteractis aurora . 
The crude extract was applied to a Sephadex G-50 
column (2.5xgOcm) , which was eluted with O.15M 
NaCl in 0.01M phosphate buffer (pH 7.0) . Fractions 
of 8ml were collected at a flow rate of 42ml/hr. 
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Fig. 4-3. Isolation of Heteractis aurora toxins by 
reverse-phase HPLC. 
The toxic fraction obtained by gel filtration on 
Sephadex G-50 (Fig. 4-2) was subjected to HPLC 
on a TSKgel ODS-120T column (0.46 X 25cm). 
The column was eluted with a gradient of 
acetonitrile in 0.1 o/o TFA. The flow rate was 
maintained at I ml/min. 
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Fig. 4~. Anion-exchange HPLC of Ha I purified by 
reverse-phase HPLC. 
Toxin I obtained by reverse-phase HPLC on a TSKgel 
ODS-120T column (Fig. 4-3) was subjected to HPLC on 
a Mono Q HR 5/5 column (0.5 X 5cm). 
The column was eluted with a gTadient of NaCI in 0.01 M 
Tris-HCI buffer (pH 8.0). The Wow rate was maintained 
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Fig. 5-2. ~7 74~l if~:4 )4:11~i7 Entacmaea ramsayl 
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Fig. 5-3. Gel filtration on Sephadex G-50 of the crude 
extract from Dofleinia armata . 
The crude extract was applied to a Sephadex G-50 
column (2.5xgOcm) , which was eluted with 0.15M 
NaCI in 0.01M phosphate buffer (pH 7.0) . Fractions 
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Fig. 54. Isolation of Dotteinia armata toxins by 
reverse-phase HPLC. 
The toxic fraction obtained by gel filtration on 
Sephadex G-50 (Fig. 5-3) was subjected to HPLC 
on a TSKgel ODS-120T column (0.46 X 25cm). 
The column was eluted with a gradient of 
acetonitrile in 0.1 "/o TFA. The fiow rate was 
maintained at I ml/min. 
-93-
E C O CN












/ / / 
/ / / 
/ / / 
/ / / 
/ / / 
/ / / 
/ / / 
/ / / 
/ / / 
/ / 
1 
~ ~ O 
(D 0,5 Z ~-o c o :~: S 
~. c o o c o O 
O 20 40 60 
o 
Retention time (min) 
Fig. 5-5. Anion-exchange HPLC of Toxin i purified by 
reverse-phase HPLC. 
Toxin I obtained by reverse-phase HPLC on a TSKgel 
ODS-120T column (Fig. 5-4) was subjected to HPLC on 
a Mono Q HR 5/5 column (0.5 X 5cm). 
The column was eluted with a gradient of NaCl in 0.01 M 
Tris-HCI buffer (pH 8.0). The Wow rate was maintained 
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* Of the two amino acid residues detected in cycles 1 
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Fig. 5-8. Reverse-phase HPLC of the peptides produced by 
digestion of PE-Toxin ll with Chymotrypsin. 
Column. TSKgel ODS-120T (0.46 X 25cm); elution, 
gradient of acetonitrile in 0.1 o/o TFA; flow rate, I ml/min. 
One peptide (Toxin ll-C-1 ) was subjected to sequencing. 
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Fig. 5-9. Gel filtration on Sephadex G-50 of the crude 
extract from Entacmaea ramsayi. 
The crude extract was applied to a Sephadex G-50 
column (2.5xgOcm) , which was eluted with 0.15M 
NaCl in 0.01M phosphate buffer (pH 7.0) . Fractions 
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Fig. 5-10. Isolation of Entacmaea ramsayi toxins by 
reverse-phase HPLC. 
The toxic fraction obtained by gel filtration on 
Sephadex G-50 (Fig. 5-9) was subjected to HPLC 
on a TSKgel ODS-120T column (O.46 X 25cm). 
The column was eluted with a gradient of 
acetonitrile in O. i o/o TFA. The flow rate was 
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Fig. 5-1 1. Reverse-phase HPLC of the peptides produced by 
digestion of PE-Er I with Chymotrypsin. 
Column, TSKgel ODS-120T (0.46 X 25cm); elution, 
gradient of acetonitrile in O. I o/o TFA; flow rate, I ml/min. 
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Fig. 6-1 . S Ih ~ ~7 1 7~･'~l4 ･j~~:If ~r i7 Anemonia efythraea 
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Fig. 7-2. Gel filtration on Sephadex G-50 of the crude 
extract from Cerianthus filiformis . 
The crude extract was applied to a Sephadex G-50 
column (2.5xgOcm) , which was eluted with 0.15M 
NaCl in 0.01M phosphate buffer (pH 7.0) . Fractions 
of 8ml were collected at a flow rate of 28ml/hr. 
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Fig. 7-3. Isolation of a Cerianthus fili･formis toxin by 
reverse-phase HPLC. 
The toxic fraction obtained by gel filtration on 
Sephadex G-50 (Fig. 7-2) was subjected to HPLC 
on a TSKgel ODS-120T column (0.46 X 25cm). 
The column was eluted with a gradient of 
acetonitrile in O. I o/o TFA. The flow rate was 





























6……”…　 ＞＞＞＞　　く　1　　　　　　　　　　“　　　　　　　　　　cくOO 　．…≡　 雪≦憂｝へ“q。う翼貯忌話＝5　コ　　　　 ζ　こ　⊆1　　　　一　』ζ⊆ζ⊆躍醤轟煙‘L50
工＝ににOOOOの一σ　O
｝123一






















































































































































































































































































































































































































































































　　⊆：　oウて，　　㊦　 ΦΦ　　運　⊆o　　穫　＝コ　　〇　一「5　　苗582　 　σ　一一　 ∈ 』一◎⊆　　o　訪二2　　と　①τo　　N£・Ωく　　屡　申’oz　　喫器9　　←　ρo＞・　　．“　Ooρ　　の　のハ℃　　毫歪纏






















































































































































































































































































































































































of A431 cells and tyrosine phosphorylation of the EGF receptors in A431 cells). 
Furthermore, the gigantoxin I precursor protein composed of 86 amino acid 
residues is much simpler in structure than those of mammalian EGFs, which are 
composed of about 1200 amino acid residues and have seven or eight EGF-like 
domain repeats. It is thus assumed that the anoestors of EGFS originally had 
functioned as toxins as in the case of gigantoxin I and that they had lost toxic 
properties during the evolution process in the animal kingdom. 
In chapter 3, four peptide toxins (SHTX 1-lV) were isolated from the sea 
an~mone Stichodactyla haddoni and their amino acid sequenoes were determined 
by CDNA cloning. Although SHTX Ill is analogous to Kunitz-type protease 
inhibitors and SHTX IV to the known type 2 sodium channel toxins. SHTX I and ll 
having high homology with each other are structurally novel peptide toxins. In 
addition. SHTX 1-lll exhibit potassium channel toxicity. 
In chapter 4, four peptide toxins (Ha 1-IV) were isolated from the sea anemone 
Heteractis aurora and their amino acid sequences were determined by CDNA 
cloning. Ha I has no sequence homologies with any toxins from other sources. On 
the other hand, both Ha 11 and 111 are analogous to SHTX I and 11 from 
Stichodactyla haddoni. Very interestingly, the Ha ll and lll precursor proteins 
contain as many as four and two copies of mature peptides, respectively. 
In chapter 5, three peptide toxins (Toxin l, Da I and II) were isolated from the 
sea anemone Dotteinia armata and one peptide toxin (Er I) from the sea anemone 
Entacmaea ramsayi. Although Toxin I is a member of known type I sodium 
channel toxin, Da l, Da ll and Er I are highly homologous to PaTX from the sea 
amemone Entacmaea actinostoloides, a type 3 sea anemone sodium channel 
toxin. This suggests that there is a family of PaTX-like toxins in sea anemones. 
In chapter 6, a type I sodium channel toxin (AETX l) and two novel peptide 
toxins (AETX Il and lll), previously isolated from the sea anemone Anemonia 


































Anderluh, G., Pod!esek, Z. and Ma6ek, P. (2000) A common motif in proparts of Cnidarian toxins 
and nematocyst collagens and its putative roie. Biochim. Biophys. Acta 1476, 372-376. 
Aneiros, A., Garcia. I., Martinez, J. R., Han!ey, A. L., Anderson, A. J., Marshall, D. L., EngstrOm, A., 
Helimann, U. and Karlsson, E. (1993) A potassium channel toxin from the secretion of the sea 
anemone Bunodosoma granulifera. Isolation, amino acid sequence and biological activity. 
Biochim. Biophys. Acta 1157, 86-92. 
Antuch, W., Berndt, K. D., Chavez. M. A., Delfin, J. and Wuethrich, K. (1993) The NMR solution 
structure of a Kuniiz-type proteinase inhibitor from the sea anemone Stichodactyla helianthus. 
Eur. J. Biochem. 212, 675~84. 
Bateman, A., Belcourt, D., Bennett, H., Lazure, C. and Solomon, S. (1990) Granulins, a novel class 
of peptide from leukocyies. Biochem. Biophys. Res. Commun. 173, 1161-1168. 
Bateman, A, and Bennett, H. P. (1998) Granulins : the structure and function of an emerging family 
ofgroWth factors. J. Endocrinol. 158, i45-151. 
Beeton, C., Wulff. H., Barbaria, J., Clot-Faybesse, O., Pennington, M., Bernard, D., Cahalan, M. D., 
Chandy, K. G. and Beraud, E. (2001) Selective blockade of T Iymphocyie K+ channels 
ameliorates experimental autoimmune encephalomyelitis, a model for multiple scierosis. 
Proc. Natl. Acad. Sci. 98, 13942-13947. 
Belcourt, D. R., Lazure, C. and Bennett, H. P. (1993) Isolation and primary structure of the three 
major forms of granulin-like peptides from hematopoietic tissues of a teleost fish (Cyprinus 
carpio). J. Biol. Chem. 268, 9230-9237. 
Bell, G. l., Fong, N. M., Stempien, M. M., Wormsted, M. A., Caput, D., Ku, L. L., Urdea, M. S., Ral, 
L. B. and Sanchez-Pescador, R. (1986) Human epidermal growth factor precursor: CDNA 
sequence, expression in vitro and gene organization. Nucleic Acids Res. 14, 8427-8446. 
Belmonte, L., Menestrina, G., Pederzolli, C., Kri~aj, I., GubenSek, F., Tvrk, T. and Ma6ek, P. (1994) 
Primary and secondary structure of a pore-forming toxin from the sea anemone, Actinia equina 
L., and its association with lipid vesicles. Biochim. Biophys. Acta 1192, 197-204. 
B6ress, L., Beress, R. and Wunderer, G. (1975) Isolation and characterization of three polypeptides 
with neurotoxic activity from Anemonia sulcata. FEBS Lett. 50, 311-314. 
B6ress, L., Wunderer, G. and Wachter, E. (1977) Amino acid sequence of toxin 111 from Anemonia 
sulcata. Hoppe-Sey[er's Z. Physiol. Chem. 358, 985-988. 
Berks, M. (1995) The C. elegans genome sequencing project. C. elegans genome mapping and 
sequencing consortium. Genome Res. 5, 99-104. 
Bernheimer, A. W. and Avigad, L. S. (1978) A cholesterol-inhibitable protein from the sea anemone 
Metridium seni/e. Biochim. Biophys. Acta 541, 96- 106. 
Bhandari, V., Palfree, R. G. and Bateman, A. (1992) Isolation and sequence of the granulin 
precursor CDNA from human bone marrow reveals tandem cysteine-rich granulin domains. 
Proc. Natl. Acad. Sci. 89, 1715-1719. 
Bhandari. V., Giaid, A. and Bateman, A. (1993) The complementary deoxyribonucleic acid 
-1 50-
sequence, tissue distribution, and cel[ular localization of the rat granulin precursor. 
Endocrinology 1 33, 2682-2689. 
Blumenthal, K. M. and Kem, W. R. (1983) Primary structure of Stoichactis helianthus cyiolysins lll. 
J. Biol. Chem. 258, 5574-5581. 
Carielio. L., De Santis, A., Fiore, F., Piccoli, R., Spagnuolo, A., Zanetti, L. and Parante, A. (1989) 
Calitoxin, a neurotoxic peptide from the sea anemone Calliactis parasitica: amino acid 
sequence and electrophysiological properties. Biochemistry 28, 2484-2489. 
Carpenter, G. and Cohen, S. (1990) Epidermal growih factor. J. Biol. Chem. 265, 7709-7712. 
CastaAeda, O., Sotolongo, O.. Amor, A. M., StOcklin, R., Anderson, A. J., Harvey, A. L., Engstrbm, 
A., Wernstedt, C. and Karlsson, E. (i995) Characterization of a potassium channel toxin from 
the Caribbean sea anemone Stichodactyla helianthus. Toxicon 33, 603~13. 
Cordeiro, M. D. N., De Figueiredo, S. G., Valentim. A. D. C., Diniz. C. R., Von Eickstedt, V. R. Gilroy, 
J. and Richerdson, M. (1993) Purification and amino acid sequen~s of six Tx3 type 
neurotoxins from the venom of the Brazilian 'armed' spider Phoneutrta nigriventer (keys.). 
Toxicon 31 , 3542. 
Cotton, J., Crest, M., Bouet, F., Alessandri, N., Gola, M., Forest, E., Karlsson, E., Castateda, O., 
Harvey, A. L., Vita, C. and M6nez, A. (1997) A potassiumHchannel toxin from the sea anemone 
Bunodosoma granulifera, an inhibitor for Kvl channels. Revision of the amino acid sequence, 
disulfide-bridge assignment, chemical synthesis, and biological activity. Eur. J. Biochem. 244, 
1 92-202. 
Couto, M. A., Hanivig, S. S., Cullor, J. S., Hughes. J. P, and Lehrer, R. f. (1992) Identification of 
eNAP-1, an antimicrobial peptide from equine neutrophils. Infect. Immun. 60, 3065-3071. 
Culouscou, J. M., Carlton, G. W. and Shoyab, M. (1993) Biochemical analysis of the epithelin 
receptor. J. Biol. Chem. 268, 10458-10462. 
Diniz, C. R., Cordeiro, Mdo. N., Junor, L. R., Kelly, P., Fischer, S., Reimann, F., Oliveira, E. B. and 
Richardson, M. (1990) The puriflcation and amino acid sequence of the lethal neurotoxin Txl 
from the venom of the Brazilian 'armed' spider Phoneutria nigriventer. FEBS Lett. 263, 
25 1 -253. 
Diniz, M. R., Paine, M. J., Diniz, C. R.. Theakston, R. D. and Crampton, J. M. (1993) Sequence of 
the CDNA coding for the lethal neurotoxin Txl from the Brazilian "armed" spider Phoneutrta 
nigriventer predicts the synthesis and pro~ssing of a preprotoxin. J. Biol. Chem. 268, 
1 5340-1 5342 . 
Diochot, S., Schweitz, H., B6ress, L. and Lazdunski, M. (1998) Sea anemone peptides with a 
specific blooking activity against the fast inactivating potassium channel Kv3.4. J. Biol. Chem. 
273, 6744~;749. 
Diochot, S., Loret, E., Bruhn, T., Beress, L.. Lazdunski, M. (2003) APETxl, a new toxin from the 
sea anemone Anthopleura elegantissima, blocks voltage~ated human ether-a-go-go-related 
gene potassium channels. Mol. Pharmacol. 64, 59~59. 
Dufton, M. J. (1985) Protease inhibitors and dendrotoxins. Eur. J. Biochem. 153, 647~54. 
Elliott, R. C., Konya. R. S., Vickneshwara, K. (1986) The isolation of a toxin from the dahlia sea 
-151-
anemone, Tea/ia felina L. Toxicon. 24, 117-122. 
Enger. D. A.. Matsunami. R. K., Campion, S. R., Stringer, C. D., Steavens, A. and Niyogi, S. K. 
(1988) Cloning of authentic human epidermal growth factor as a bacterial secretory protein 
and its initial structure-function analysis by site-directed mutagenesis. J. Biol. Chem. 263, 
1 2384- 1 2390. 
Ferlan, l. and Lebez, D. (1974) Equinatoxin, a lethal protein from Actinia equina. Toxicon 12, 
57~1 . 
Forest, E.. Petillot, Y., Gagnon, J., Cotton. J. and Vita, C. (1996) Determination of the C-terminal 
form of an anemone toxin using capillary electrophoresis and mass spectrometry. 
Electrophoresis 17, 962-964. 
Friiz, H., Brey, B. and B6ress, L. (1972) Polyva[ent isoinhibitors for trypsin, chymotrypsin, piasmin 
and kaliikreins of sea anemones (Anemonia sulcata), isolation, inhibitory behavior and amino 
acid composition. Hoppe-Seyler's Z. Physiol. Chem. 353, 19-30. 
Gendeh. G. S., Young, L. C., de Medeiros, L. C., Jeyaseelan, K.. Harvey. A. L. and Chung, M. C. M. 
(1997) A new potassium channel toxin from the sea anemone Heteractis magniftca: isolation, 
CDNA cloning, and functional expression. Biochemistry 36, 11461-11471. 
Ghadessy, F. J., Chen, D.. Kini, R. M., Chung, M. C., Jeyaseelan, K., Khoo, H. E. and Yuen, R. 
(1996) Stonustoxin is a novel ietha[ factor from stonefish (Synanceja horrida) venom. CDNA 
cloning and characterization. J. Biol. Chem. 271,25575-25581. 
Gregory, H. and Preston. B. M. (1977) The primary structure of human urogastrone. Int. J. Pept. 
Protein Res. 9, 107-118. 
Grotendorst, G. R. and Hessinger, D. A. (2000) Enzymatic characterization of the major 
phospholipase A2 component of sea anemone Aiptasia pallida nematocyst venom. Toxicon 
38, 931-943. 
Halstead, B. W. (1988) "Poisonous and Venomous Marine Animals of the World", 2nd revised 
edition. The Darwin Press, p. 99. 
Hanfey, A. L., Marshall, D. L.. De-Allie. F. A. and Strong, P. N. (1989) Interactions between 
dendrotoxin, a blocker of voltage-dependent potassium channels, and charybdotoxin, a 
blocker of calcium-activated potassium channels, at binding sites on neuronal membranes. 
Biochem. Biophys. Res. Commun. i63, 394-397. 
Hessinger, D. A. and Lenhoff, H. M. (1973) Assay and properties of the pure venom from the 
nematocysts of the acontia of the sea anemone Aiptasia pallida. Arch. Biochem. Biophys. 
1 59, 629-638. 
EI~ 7t~i~~~ (i992) ~~~0)~~:~~ZLJI~~~. ~fE~~BE!~~4 ~]~It_-~,0)t~3~~ 62. p.46. pp.50-52. 
Hong. S. J. and Kang, K. W. (1999) Purification of granulin-Iike po!ypeptide from the blood-sucking 
leech, Hirudo nipponia. Protein Expr. Purif. 16, 340-346. 
Honma. T., Hasegawa, Y., Ishida, M.. Nagai, H., Nagashima, Y. and Shiomi, K. (2005) Isolation and 
molecular cloning of novel peptide toxins from the sea anemone Antheopsis maoulata. 
Toxicon 45, 3341 . 
Ishida, M., Yokoyama, A., Shimakura K.. Nagashima, Y. and Shiomi, K. (1997) Halcurln, a 
-1 52-
polypeptide toxin from the sea anemone Halcurias sp., with a structural resemblan~ to type i 
and 2 toxins. Toxicon 35, 537-544. 
Ishida, M.. Minagawa, S., Miyauchi, K., Shimakura, K., Nagashima, Y. and Shiomi. K. (1997) Amino 
acid sequen~s of Kunitz-type protease inhibitors from the sea anemone Actinia equina. 
Fisheries Sci. 63, 794-798. 
~;~vi7 ･ T ･:E4~r- ~~s ~~ (2001) i77/_;ti4Fj:/i7 p84 TBSjtJ~7 ~j ~:.~~~ . ･･* ~: 
Kalapothakis, E.. Penaforte, C. L., Leao, R. M., Cruz, J. S., Prado. V. F.. Cordeiro, M. N.. Diniz, C. 
R.. Romano-Silva, M. A., Prado, M. A., Gomez. M. V. and Beirao, P. S. (1998) Cloning, CDNA 
sequence analysis and patch clamp studies of a toxin from the venom of the armed spider 
(Phoneutria nigriventer). Toxicon 36, 1971-1980. 
Kalman, K., Pennington, M. W., Lanigan, M. D., Nguyen, A., Rauer, H., Mahnir, V., Paschetto, K., 
Kem, W. R., Grissmer, S., Gutman, G. A., Christian, E. P.. Cahalan, M. D., Norton, R. S. and 
Chandy, K. G. (1998) ShK-Dap22, a potent Kvl.3-specific immunosuppressive polypeptide. J. 
Biol. Chem. 273, 32697-32707. 
Kem, W. R. (1988) Sea anemone toxins: structure and action. In: The Biology of Nematocystes 
(Hessinger. D. A. and Lenhoff, H. M., Eds). pp. 375Ji:05, Academic Press: New York. 
Kem, W. R.. Parten, B., Pennington, M. W., Price. D. A. and Dunn. B. M. (1989) Isolation, 
characterization, and amino acid sequence of a polypeptide neurotoxin occurring in the sea 
anemone Stichodactyla helianthus. Biochemistry 28, 3483-3489. 
Kem, W. R., Pennington, M. W. and Dunn, B. M. (1990) Sea anemone polypeptide toxins affecting 
sodium channels. Initial structure-activity investigations. In: Marine Toxins. Origin. Structure 
and Molecular Pharmacology. (Hall, S. and Strichartz, G., Eds). pp. 287-289, American 
Chemical Society: Washington, D.C. 
Kem, W. R.. Pennington, M. W.. Krafte, D. S. and Hi:1, R. J. (1996) "Biochemica! Aspects of Marine 
Pharmacology", ed. by Lazarovici, P., Spira. M. E. and Zlotkin, E. p. 98, Alaken. 
Kim. J. G.. Vallet. J. L. and Christenson, R. K. (2001) Characterization of uterine epidermal growth 
factor during early pregnancy in pigs. Domest. Anim. Endocrinol. 20, 253-265. 
Laemmli, U. K (1970) Cieavage of structural proteins during the assembly of the head of 
bacteriophage T4. Nature 227, 680~85. 
Lenarc~ie, B.. Ritonja, A., Strukelj. B., Turk, B. and Turk, V. (1997) Equistatin, a new inhibitor of 
cysteine proteinases from Actinia equina, is structurally related to thyroglobulin type-1 domain. 
J. Biol. Chem. 272, 13899-13903. 
Leviev, I. and Grimmelikhuijzen, C. J. (1995) Molecular cloning of a preprohormone from sea 
anemones containing numerous copies of a metamorphosis-inducing neuropeptide: a likely 
role for dipeptidyl aminopeptidase in neuropeptide precursor pro~ssing. Proc. Natl. Acad. 
Sci. 92, 11647-11651. 
Li, D., Xiao, Y., Hu, W., Xie, J., Bosmans, F., Tytgat. J. and Liang, S. (2003) Function and solution 
structure of hainantoxin-1, a novel insect sodium channel inhibitor from the Chinese bird spider 
Selenocosmia hainana. FEBS Lett. 555, 616~22. 
Lin, X.-Y., Ishida, M., Nagashima, Y. and Shiomi, K. (1996) A polypeptide toxin in the sea anemone 
-1 53-
Actinia equina homologous with other sea anemone sodium channel toxins: isolation and 
amino acid sequence. Toxicon 34, 57-65. 
~~ ~~~~ (1996) 4 ･)~;:/~~i7~:O)/~j9: F~a)7S /j!~~B~lJ[c~Ilt~~}~es,~;. I~d:~~:~C. ~:~~:7~~~ 
Litchfield, J. T. Jr. and Wilcoxon. F. (1949). A simplifled method of evaluating dose-effect 
experiments. J. Pharmac. Exp. Ther. 96, 99-113. 
Liu. W. H., Wang. L., Wang, Y. L.. Peng, L. S., Wu, W. Y., Peng, W. L., Jiang, X. Y., Tu, H. B., Chen, 
H. P., Ou-Yang, P. and Xu, A. L. (2003) Cloning and characterization of a novel neurotoxin 
from the sea anemone Anthopleura sp. Toxicon 41, 793-801. 
Lowry, O. H.. Rosebrough, N. J., Farr, A. L. and Randall. R. J. (1951) Protein measurement with 
the fo[in phenol reagent. J. Biol. Chem. 193, 265-275. 
Marinetti. G. V. (1965) The action of phospholipase A on lipoproteins. Biochim. Biophys. Acta 98, 
554-565. 
Malpezzi. E. L. A., De Freitas, J. C., Muramoto, K. and Kamiya, K. (1993) Characterization of 
peptides in sea anemone venom collected by a novel procedure. Toxicon 31, 853-864. 
Martinez, G., Kopeyan, C., Schweiiz, H, and Lazdunski, M. (1977) Toxin 111 from Anemonia 
sulcata : primary structure. FEBS Lett. 84, 247-252. 
Mebs, D. and Gebauer, E. (1980) Isolation of proteinase inhibitory, toxic and hemolytic 
polypeptides from a sea anemone, Stoichactis sp. Toxicon 18, 97-106. 
Mebs. D., Liebrich, M., Reul, A. and Samejima, Y. (1983) Hemolysins and proteinase inhibitors 
from sea anemones of the Gulf ofAqaba. Toxicon 21, 257-264. 
Mehraban, F., Black, A. R.. Breeze, A. L., Green, D. G. and Dolly, J. O. (1985) A functional 
membranous acceptor for dendrotoxin in rat brain : solubilization of the binding component. 
Biochem. Soc. trans. 13, 507-508. 
Menon, R. P. and Hughes, R. C. (i999) Determinants in the N-terminal domains of galectin-3 for 
secretion by a novel pathway circumventing the endoplasmic reticulum-Golgi complex. Eur. J. 
Biochem. 264, 569-576. 
Metrione, R. M., Schweiiz, H. and Walsh, K. A. (1987) The amino acid sequence of toxin Rp lll 
from the sea anemone Radianthus paumotensis. FEBS Left. 218, 59-62. 
Minagawa, S., Ishida, M., Shimakura, K., Nagashima, Y. and Shiomi, K. (i997) Isolation and amino 
acid sequences of two Kuniiz-type protease inhibitors from the sea anemone Anthopleura aff. 
xanthogrammica. Comp. Biochem. Physiol. 118B, 381-386. 
Minagawa, S., Ishida, M., Shimakura, K., Nagashima, Y. and Shiomi, K. (1998) Amino acid 
sequence and biological activities of another Kuniiz-type protease inhibitor isolated from the 
sea anemone Anthopleura aff. xanthogrammica. Fisheries Sci. 64, 1 55-159. 
Minagawa, S., Ishida, M., Nagashima, Y., Shiomi, K. (1998) Primary structure of a potassium 
channel toxin from the sea anemone Actinia equina. FEBS Lett. 427,149-151. 
~Jll ~l~ (1997) 4 ･)~~:/f~i70)dE~~~~t~~~jf FO)-･'~~~~:~~~f. I~::t:~~~. ~:~~71(~~~~!. 
~:~i~. 
71(~? ~~fl~ ~:a~ ~~~~ (1988) ~E:~~~~tf~jf Fa)CSi~~~i7- F{bi~~~ ~t{t~~~ 60. 551-557. 
-1 54-
Nagai, H.. Oshiro, N., Takuwa-Kuroda, K., Iwanaga, S., Nozaki. M., Nakajima. T. (2002) Novel 
proteinaceous toxins from the nematooyst venom of the Okinawan sea anemone Phyllodiscus 
semoni Kwietniewski. Biochem. Biophys. Res. Commun. 294, 760-763. 
Nara, K.. Matsue, H. and Naraoka, T. (2004) Granulin-like peptide in the mid-gut gland of the 
bivalve mollusk, Patinopecten yessoensis. Biochlm. Biophys. Acta 1675, 147-154. 
Nevalainen, T. J., Peuravuori, H. J., Quinn, R. J, Lleweliyn, L. E., Benzie, J. A., Fenner, P. J. and 
Winkel, K. D. (2004) Phospholipase A2 in cnidaria. Comp. Biochem. Physi. B 139, 731-735. 
Nishida. S., Fujita, S., Warashina, A., Satake, M. and Tamiya. N. (1985) Amino acid sequence of a 
sea anemone toxin from Parasicyonis actinostoloides. Eur. J. Biochem. 150, 171-173. 
~~tt ;~S (1992) El;~~;~~~]~9~l~~ [l]. PLATE31. 32. 33. ~:~=F~~i : ;~Ei~. 
Norton, R. S. (1991) Structure and structure-function relationships of sea anemone proteins that 
interact with the sodium channe[. Toxicon 29, 1051-1084. 
Norton, R. S., Pennington, M. W. and Wulff, H. (2004) Potassium channel blockade by the sea 
anemone toxin ShK for the treatment of multiple sclerosis and other autoimmune diseases. 
Curr. Med. Chem. 11, 3041-3052. 
Olivera, B. M., Gray, W. R., Zeikus. R.. Mclntosh, J. M., Varga, J., Rivier, J., De Santos, V. and 
Cruz, L. J. (1985) Peptide neurotoxins from fish-hunting cone snails. Science 230, 
1 338- 1 343. 
Oshiro, N.. Kobayashi, C., Iwanaga, S., Nozaki, M., Namikoshi. M.. Spring, J., Nagai. H. (2004) A 
new membrane-attack comp]ex/perforin (MACPF) domain iethal toxin from the nematocyst 
venom of the Okinawan sea anemone Actineria villosa. Toxicon.43, 225-258. 
Pascall, J. C., Jones, D. S. C., Doe[, S. M., Clements. J. M., Humter, M., Fallon, T., Edwards, M. 
and Brown, K. D. (1991) Cloning and characterization of a gene encoding pig epidermal 
growih factor. J. Mol. Endocrinol. 6, 63-70. 
Plowman, G. D., Green, J. M., Neubauer, M. G., Buckley, S. D., McDonaid, V. L.. Todaro. G. J. and 
Shoyab, M. (1992) The epithelin precursor encodes two proteins with opposing activities on 
epithelial cell growih. J. Biol. Chem. 267, 13073-13078. 
Ray, P., Mey, F. J., Montelione, G. T., Liu, J.-F., Narang, S. A.. Scherage, H. A. and Wu, R. (1988) 
Structure-function studies of murine epidermal growth factor: expression and site-directed 
mutagenesis of epidermal grovifth factor gene. Biochemistry 27, 7289-7295. 
Saggi, S. J., Safirstein, R. and Prlce, P. M. (1992) Cloning and sequencing of the rat 
preproepidermal growih factor CDNA: comparison with mouse and human sequences. DNA 
Ceil Biol. 11 , 481~87. 
Sasaki, K., Shimizu, Y., Abe, G., Fujisawa, Y.. Morishita, F., Matsushima, O. and Furukawa, Y. 
(2002) Structural and functional diversities of the Aplysia Mytilus inhibitory peptide-related 
peptides. Peptides 23, 1959-65. 
Savage, C. R. Jr., Inagarnj, T. and Cohen, S. (1972) The primary structure of epidermal growih 
factor. J. Biol. Chem.247, 7612-7621. 
Schweitz, H., Bruhn, T.. Guillemare, E., Moinier, D., Lancelin, J.-M., B6ress. L, and Lazdunski, M. 











































Tanaka, M., Haniu, M., Yasunobu, K. T. and Norton, T. R. (1977) Amino acid sequence of the 
Anthopleura xanthogrammica heart stimuiant anthopleurin-A. Biochemistry 16, 204-208. 
Thomas, E. C. and lan, G. C. (1987) Sequences of the genes and polypeptide precursors for two 
bovine protease inhibitors. J. Mol. Biol. 194, 11-22. 
Tschesche, H., Kolkenbrock, H. and Bode, W. (1987) The covalent structure of the elastase 
inhibitor from Anemonia sulcata - a "non-classical" Kazal-type protein. Biol. Chem. 
Hoppe-Seyler 368, 1297-1 304. 
Uesaka, T., Yano, K., Yamasaki, M, and Ando, M. (1995) Somatostatin-, vasoactive intestinal 
peptide-, and granulin-like peptides isolated from intestinal extracts of goldfish, Carassius 
auratus. Gen. Comp. Endocrinol. 99, 298-306. 
F~IEI ~t~~~. ~:LLI ~~ (2001) 4･)~J･ f~i7~i4 Fjvi7. p.27. pp.70-71. p.94. TBS jfj~l= 
;tl : ~:~~. 
Widmer, H., Wagner, G., Schweitz, H., Lazdunski, M. and Wuthrich, K. (1988) The secondary 
structure of the toxin ATX Ia from Anemonia sulcata in aqueous so[ution determined on the 
basis of complete sequence-specific IH-NMR assignments. Eur. J. Biochem. 171, 177-192. 
Wunderer, G., Machleidt, W. and Fritz, H. (1981) The broad-specificity proteinase inhibitor 5 11 from 
the sea anemone Anemonia sulcata. Methods Enzymol. 80, 816-820. 
Zykova, T. A, Vinokurov, L. M., Markova, L. F.. Kozlovskaya, E. P. and Elyakov, G. B. (1985) 
Amino-acid sequence of trypsin inhibitor IV from Radianthus macrodactylus. Bioorg. Khim. 11 , 
293-30 1 . 
Zykova. T. A., Kozlovskaya, E. P. and Eliakov, G. B. (1988) Amino acid sequence of neurotoxin ll 
from the sea anemone Radianthus macrodactylus. Bioorg. Khim. 14, 878-882. 
Zykova, T. A.. Kozlovskaya, E. P. and Eliakov, G. B. (1988) Amino acid sequence of neurotoxins IV 
and V from the sea anemone Radianthus macrodactylus. Bioor. Khim. i4, 1489-1494. 
Zykova, T. A. and Kozlovskaya, E. P. (1989) Amino acid sequence of neurotoxin I from the sea 
anemone Radianthus macrodactylus. Bioorg. Khim. 15, 1 301-1306. 
Zykova, T. A, Monastyrnaia, M. M., Apalikova, O. V., Shvets, T. V., Kozlovskaia, E. P. (1998) 
Low-mo[ecular cyto[ysins and trypsin inhibitors from sea anemone Radianthus macrodactylus. 
Isolation and partial characterization. Bioorg Khim. 24, 509-516. 
-1 57-
